One hundred strains isolated from bovine raw milk, obtained from different farms, were subjected to different in vitro stress typical of gastrointestinal tract. Twelve strains were able to tolerate pepsin at pH 2, pancreatin and bile salts (0.3%). These bacteria were identified using 16S rRNA gene sequencing.
salts at the beginning of the small intestine and adhere to intestinal epithelial cells and/or mucus [5] . In fact, the FAO/WHO [3] recommends verifying that a probiotic strain is safe for human consumption.
Probiotics have been designed to provide a wide diversity of beneficial effects such as antihypertensive ability, prevention of cancer, antioxidative effects, facilitation of mineral absorption and lowering of blood cholesterol levels [6] .
Moreover, other properties are required for probiotic bacteria, such as desirable technological and sensory characteristics. The Lactobacillus strains isolated from milk and dairy products are widely used as starter in variety of food products such as yoghurt, cheese, drinks and dietary supplements [7] .
Keeping in view the importance of probiotics, the present research aimed to identify candidate bacteria from Tunisian bovine raw milk with probiotic properties. As matter of fact, only the strains proved to be safe and that did show tolerance to low pH, pepsin, pancreatin and bile salts were further tested for their ability to inhibit pathogens, hydrophobicity and autoaggregation characters and evaluating their technological properties such as acidification, lipolytic and proteolytic activities, exopolysaccharides production and growth at different temperatures, in view to ameliorate their exploitation in novel functional products.
Materials and Methods

Isolation of Bacteria
Several samples of bovine milk were collected from dairy farms in different regions of Tunisia. One hundred presumptive lactic acid bacteria colonies were Agro-alimentaires UR 13AGR 02", ESIAT, Tunis, Tunisia). Basic characterization of the isolated strains was performed through Gram coloration, morphology and catalase tests.
Tolerance to the Gastrointestinal Tract
The methods used below are described according to Pennachia et al. [8] and Mahmoudi et al. [9] . Viable colony counts were enumerated after incubation at 37˚C for 3 h with pepsin, and 4 h with pancreatin, respectively.
Bile salt tolerance was determined by the method described by Anandharaj and Sivasankari [10] . Briefly, overnight cultures were inoculated in MRS broth supplemented with bile salts (oxgall, Sigma) at 0.3% (w/v). The mixture was incubated at 37˚C for 3 h and total viable count was determined following the plate method.
Potential Pathogenic Factors of Strains
The haemolysis test was determined by spotting on blood agar plates which was described by [11] .
The mucin degradation test was determined as described by Zhou et al. [12] with minor modifications. Mucin (type III, Sigma, France) was supplemented to agarose medium (0.5% (w/v)) with or without glucose (3% (w/v)). 20 µL of overnight bacteria were inoculated by spotting on the medium. After incubation at 37˚C for 72 h, the plates were stained with amido black solution (0.1% (w/v) in 3.5 M acetic acid) for 30 min. Then, they were washed once with acetic acid (1.2 M). The discolored zone around the colony of Escherchia coli strain (DH5 alpha, Institute Pasteur of Tunisia), used as positive control, appeared. The mucin degradation activity was expressed as the size of the area of lysis of mucin.
Identification of Isolates
Strains, resistant to gastrointestinal conditions, were identified using 16S rRNA sequence analysis in URAFPA Research Unit and Animal Products Features-University of Lorraine-INRA-Nancy-France). 16S rRNA genes were amplified by PCR using the universal primer SSU for: TGCCAGCAGCCGCGGTA and SSU rev: GACGGGCGGTGTGTACAA. It was finished using a thermocycler as follows: denaturation at 95˚C for 3 min, 35 cycles of 30 s at 95˚C, 30 s at 55˚C, 1 min at 72˚C, 10 min at 72˚C. Amplified fragments were purified from agarose gels by a PCR purification kit (Roche). The analysis of alignment and homology of the partial nucleotide sequence of Lactobacillus spp. was carried out by the basic local alignment search tool (Bioedit and BLAST NCBI).
Antagonostic Effect
The antibacterial activity of different twelve strains against indicator pathogens such as Salmonella thyphimurium (ATCC 25922), Staphylococcus aureus (ATCC 25923), Listeria monocytogenes (ATCC 070 101 121) and Escherchia coli (DH5 alpha, Institute Pasteur of Tunisia) was tested using the agar diffusion assay which was previously described by Ben Moussa et al. [13] .
Hydrophobicity Test
The degree of hydrophobicity was carried out as described by Thapa et al. [14] .
The overnight cultures were harvested (6000 rpm, 4˚C, 5 min). After that, the cells that were once washed and resuspended in 10 mL of Ringer's solution and absorbance of aqueous phase were measured at 600 nm. Then, 10 mL of each solvent (chloroform, xylene and ethylacetate) was added to the cell suspension and the mixture was thoroughly vortexed for 2 min. After rest for 30 min, the two phases were separated and absorbance of non aqueous phase was measured at 600 nm. The adhesion of strains to organic solvents was determined by the following equation:
% Hydrophobicity = (1 − A 1 /A 0 ) × 100;
where "A 1 " represents the absorbance of non aqueous phase, "A 0 " represents the absorbance of aqueous phase.
Autoaggregation Assay
This assay was determined by Kos et al. [15] , with some modifications. Each where "A" represents the absorbance at time t = 1 h, "A 0 " represents the absorbance at t = 0.
Technological Properties
1) Acidification activity
The acidifying activity of the strains was measured using titratable acidity (degree Dornic, ˚D), and pH measure according to Ben Moussa et al. [13] . Both parameters were determined after 6, 8, 24 and 48 h of incubation at 37˚C.
2) Proteolytic activity
The proteolytic activity was tested on PCA agar (Biokar Diagnostics), supplemented with 10% skim milk or 12% pork gelatine using the agar well diffusion method [16] . The proteolysis was determined by measurement of the area of halos around the inoculated spots. Moreover, this test was performed by spectrophotometric method at 345 nm, using azocasein (Sigma, France) as substrate [16] .
3) Lipolytic activity
The production of extracellular lipases was tested on nutritive agar (Biokar Diagnostics) supplemented with 1% Tween 20, 1% Tween 80 [17] . After incubation at 37˚C for 72 h, a precipitated zone around and under the spots indicate a lipolytic activity.
Moreover, this assay was also determined by titration method as described by
Ben Moussa et al. [13] . 1 mL of each overnight culture was inoculated in 10 mL where "a" represents mL of NaOH used in the titration, "N" represents the normality of NaOH, "28.2" represents the percent equivalent weight of oleic acid and "g" represents the weight of fat in the sample.
Exopolysaccharides Production
Exopolysaccharides production (EPS) from strains was carried out as described by Van Geel-Schutten et al. [18] . Briefly, strains were grown in tubes containing 20 mL of MRS broth added with glucose (2% (w/v)) at 37˚C for 3 days. After centrifugation (6000 rpm, 4˚C, 20 min), two volumes of cold ethanol (Merck) (95% (v/v)) were added to one volume of culture supernatant. Precipitates were recupered by filtration under vacuum, dried at 60˚C and measured to determine the weight of EPS produced.
Growth at Different Non-Optimal and Cold Temperatures
According to Reale et al. [19] , strains were tested for their ability to grow at 35, 37, 40, 42, 45 and 50˚C in MRS agar (pH 6.8) containing bromocresol purple (0.16 g/L) (Sigma, France). Plates were incubated for 48 h at different tested temperatures. After incubation, a yellow colour of substrate was considered as positive growth. For cold shock tolerance, the cultures were exposed at +4˚C and −20˚C for 24 h. After that, the cultures were incubated at 37˚C for 24 h. The OD at 595 nm was measured after the cold treatment and again after incubation [19] . Culture that is not exposed to low temperatures was considered as a control.
Statistical Analysis
All results were treated by one-way analysis of variance ANOVA followed by Student's test. A P value < 0.05 was considered statistically significant. Results were shown as the mean ± standard deviation of three independent experiments.
Results
Characterization of Strains as Potential Probiotics
Tolerance to the Gastrointestinal Tract and Safety Characters
In screening study, 88 strains weren't resistant to pepsin at pH 2 and only twelve out of 100 strains were resistant to pepsin at pH 2 with survival rate > 98% (Table 1) . Most of the twelve strains showed a decrease in viable counts lower than 0.1 log CFU/mL. No significant differences were observed in the viability of the strains (P > 0.05). On another hand, no hymolytic and no mucin degradation
activities were detected for all tested strains. Decrease of the counts (log CFU/mL) after 3 h of incubation with 0.3% oxgall.
Species Identification
16S rRNA genes sequences were determined. Eight strains were identified as Lactobacillus plantarum and four strains were Lactobacillus fermentum ( Table   2 ). The isolated strains were identified with 100% of homology. Table 2 shows the results of antibacterial activity of twelve strains against four pathogens. All these strains inhibited the growth of S. aureus, L. monocytogenes and S. typhimurium. However, only six strains inhibited the growth of E. coli. The highest zones of inhibition (11 ± 0.41 mm and 10 ± 0.36 mm) against S. aureus were observed with L. plantarum B72 and L. fermentum B90 respectively.
Antibacterial Activity
Surfaces Properties
The hydrophobicity percentages of strains, using chloroform, xylene and ethylacetate, as organic solvents, are illustrated in Figure 1(a) . The high values, obtained in presence of chloroform (a monopolar and acidic solvent), were 50.66% ± 0.57% for the strain B66. In addition, the strains B62, B66, B69, B77, B81, B88 and B91 have the higher levels to adhere to ethylacetate (a monopolar and basic solvent) ranged from 30% ± 0.4 to 41.66% ± 0.55% and B66 and B88 to xylene (an apolar solvent) with 18% ± 1.7% and 15.66% ± 0.6%. Our strains showed remarkable hydrophobicity.
The results of autoaggregation of twelve bacteria are depicted in Figure 1(b) .
The high levels obtained were 68.33% ± 1.15% and 55.34% ± 0.57% for strains B72 and B90 respectively. The strain B72 had the best autoaggregation yet its 
Technological Properties
The Lactobacillus strains showed the highest acidifying capacities, developing to 35.33 ± 0.06˚D after 6 h and 45.33 ± 0.13˚D after 8 h (Table 3) . After 48 h, the pH of inoculated milks with strains B53 and B69 decreased to values lower than 4.6 (iso-electric pH of casein) (4.15 ± 0.1 and 4.22 ± 0.2) respectively.
As concerns proteolytic activity, we observed clear zones surrounding spots on medium supplemented with skim milk for all tested strains ( (Table 5) .
Highest value was obtained by B90 2.4% ± 0.03% fatty acids from butter fat.
Furthermore, value obtained by B72 was 2.1% ± 0.01%. The B77 was the lowest lipolytic strain (0.41% ± 0.01%).
For the production of the EPS by probiotic strains, we found a concentrations ranged from 23.17 ± 0.05 mg/L for the strain B53 to 36.33 ± 0.03 mg/L for the strain B72 (Table 4) .
The maximum temperatures (T max ) of growth of strains are shown in Table 5 . None of these was able to grow at 50˚C. In detail, the strains B24, B31, B53, B62
and B66 and B91 grew at 42˚C. While, the B69, B72, B77, B81 and B90 grew at 45˚C.
The ability to grow at 37˚C after exposure to +4˚C and −20˚C for 24 h was studied. Table 5 shows that the strains B72 and B90 were less affected by the cold stress compared to the other tested bacteria. In fact, we reported that refrigeration and freezing have different effects on the viability of the twelve strains.
Discussion
Before a probiotic can present a benificial effect, it must survive during gastrointestinal passage. Most of the twelve strains showed a decrease in viable counts lower than 0.1 log CFU/mL. No significant differences were observed in the viability of the strains (P > 0.05). According to previous work of Solieri et al. [20] who reported that the critical limit survival of probiotic strains in acidic conditions was pH 2 which was efficient to inhibit the survival strains. Strains which had high survival rate were selected for good crossing of the human intestinal barrier Solieri et al. [20] . Besides, the membrane of the twelve strains was not affected by the enzymatic action of pepsin. Regarding the tolerance to pancreatin, similar levels of resistance were reported for all strains after 4 h of exposure, decreasing their viability less than 0.1 log CFU/mL (Table 1) . These results were in agreement with Monteagudo-Mera et al. [21] who observed that the viability of strains had not been significant even when affected by this digestive protein. In fact, probiotic bacteria need to survive in the small intestine for exerting a positive effect on the human health [22] . Moreover, bile salt resistance is one of the leading conditions for any strain to be used as a probiotic. The twelve selected strains were to bile salts (oxgall) at 0.3% which has been recommended as a limit criterion for probiotic selection, after incubation for 3 h with survival rate ≥ 60%. The both strains B72 and B90 grew better than the rest of strains with a decrease in viable counts lower than 2 log CFU/mL. Anandharaj and
Sivasankari [10] and Mahmoudi et al. [9] found that the tested strains isolated respectively from mother and camel milks respectively were resistant up to 0.3% after 3 h of incubation.
The virulence of microorganisms could be studied to ensure safety, even among a genus of bacteria that is Generally Recognised as Safe (GRAS) [3] . The twelve strains are safe and could be used as probiotics. Being identified by PCR, these species are recognized as probiotic bacteria [11] [23] and have already been reported in dairy products which are considered to be a main source of probiotics [24] .
A strain could be considered as probiotic as long as it provides beneficial effects on human health, such as inhibiting pathogens that can be present in the intestine. Our strains showed important antibacterial powers. It was known that
Gram positive bacteria are more sensitive to the action of lactobacilli because [25] . Furthermore, Gram negative bacteria might be inhibited by lactobacilli bacteria [26] .
The hydrophobicity is considered an important character which explain the behaviour of probiotic bacteria by adhesion to different substrates. Thus, all the strains are able to establish links with molecules (receptors) of the internal intestinal surface and electrostatic and/or hydrogen bonds [27] . Moreover, adherent strains can prevent the colonization of pathogens by steric interactions or specific blockage on cell receptors and provide a competitive advantage in the gastrointestinal system [28] . Rijnaarts et al. [29] revealed that when the hydrophobicity increases the percentage of adhesion also increases. On another side, autoaggregation and hydrophobicity are two parameters directly correlated and hydrophobicity may be a determinant of autoaggregation [30] .
The most important technological characteristic to study was the acidification activity. The twelve probiotic strains are able to acidify the milk. In fact, the acid production following the pH decrease presents a specific aroma and expands the susceptibility of some organisms such as foodborne pathogens [31] . Both proteolysis and lipolysis can influence the texture and the flavor development of fermented products by formation of low molecular compounds such as free fatty acids, peptides... However, these strains don't have high proteolytic capacities compared to other genus of bacteria. But, it was revealed that the Lactobacillus bacteria are more proteolytic than those Lactococcus. Generally, lactic acid bacteria are not considered as strongly proteolytic; their proteolytic system is essential in boosting flavor development in dairy products [32] . Proteolysis could also contribute to preventing allergies frequent in children under 3 years of age due to poor digestion of milk proteins [33] . Furthermore, these probiotic strains showed negligible lipolytic activities. Again, they have an acceptable texturing character. Indeed, the amount of EPS produced by strains is strongly influenced by culture conditions such as acidity, temperature and medium composition [34] . This EPS have been revealed to have an immunomodulatory effect on intestinal epithelial cells and functions as naturally synthesised texturing agents in fermented dairy products [35] . The twelve probiotic bacteria showed thermophilic character by growth even at 45˚C. These T max values were under those of Reale et al. [19] who reported that four L. casei strains grew at 48 and 49˚C, while, L. paracasei strains showed T max values not excessing 45˚C. On the other hand, Minervini et al. [36] demonstrated that L. paracasei and L. rhamnosus presented a similar level of tolerance to 55˚C for 10 min that was higher than
that of other mesophilic strains tested. Besides, we reported that refrigeration and freezing have different effects on the viability of the twelve strains. Compared to the control, refrigeration was less stressful than freezing after 24 h. Our results were in disagreement with Reale et al. [19] . Thus, refrigeration is the most frequent mean to preserve food products containing probiotic bacteria, Advances in Microbiology strategies should be conceived to improve adaptation by ameliorating the expression of protective cold protein.
Finally, this current study reveals that the twelve lactic acid bacteria isolated from bovine milk have a high probiotic potential and hence attaining all the prerequisites for probiotic use such as resistance to gastrointestinal tract, absence of undesirable properties, antimicrobial activity, hydrophobicity and autoaggregation abilities. These strains relied on technological properties such as acidification capacity, production of EPS and growth at different temperatures.
Therefore, they could be used as adjunct cultures for assuring the quality and health related to functional properties of dairy products.
